The effect of the second class currents with and without time reversal invariance has been studied in the quasielastic production of nucleons and hyperons induced by neutrinos and antineutrinos from the nucleons. The numerical results are presented for the total scattering cross section (σ) as well as for the longitudinal, perpendicular and transverse components of the polarization of the final baryons (p, n, Λ, Σ − , Σ 0 ) and muon produced in the quasielastic (anti)neutrino-nucleon scattering induced by the weak charged current. In the case of the production of Λ hyperon, which is the most suitable candidate for making the polarization measurements, we have also calculated the Q 2 dependence of the polarization observables and the differential scattering cross section (dσ/dQ 2 ). The measurement of the polarization observables and their Q 2 dependence provides an independent way to determine the nucleon-hyperon transition form factors at high Q 2 which can provide tests of the symmetries of the weak hadronic currents like G-invariance, T-invariance and SU(3) symmetry.
I. INTRODUCTION
The study of the second class currents (SCC) [1] in the weak interaction phenomenology has been pursued for a long time in the low energy processes of β decays and muon capture from the nucleons and nuclei [2] [3] [4] [5] [6] [7] but there are very few experiments in the high energy region of elastic and quasielastic (anti)neutrino scattering where such studies have been made [8] [9] [10] . In the strangeness sector, there are some studies done on the semileptonic decays of polarized hyperons where the polarization and/or the angular correlations of the final leptons are analyzed to see the effect of the SCC [11] [12] [13] [14] [15] [16] [17] [18] . Theoretically, however, there are many attempts in the past where the strength of the SCC couplings have been calculated in various models proposed for the nucleon structure [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Most of these studies have been done assuming the validity of the time reversal invariance (TRI) which requires the strength of the SCC couplings to be real as in the case of the first class currents [31] [32] [33] [34] [35] . However, if the strength of the SCC is assumed to be described by a quantity which is complex or purely imaginary then it implies the violation of TRI leading to the time reversal violating (TRV) observables [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] . In past, there have been some theoretical calculations to study the effect of the SCC with or without assuming TRI in the (anti)neutrino scattering from the nucleons [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] , and suggestions to experimentally study these TRV observables in the ∆S = 0 sector [47] [48] [49] in the bubble chamber experiments at CERN and FNAL. However, no attempts were made due to the difficulties associated with the measurements of these observables in performing such experiments. Whereas, there are few experiments done to study SCC in (anti)neutrino scattering in the ∆S = 0 sector assuming TRI [8] [9] [10] , while there is one experiment in the ∆S = 1 sector done at CERN [50] where the SCC have been studied in the (anti)neutrino scattering with as well as without assuming TRI.
In modern times, very intense neutrino and antineutrino beams are being used to do (anti)neutrino experiments at various laboratories around the world with advanced detector technology [51] [52] [53] [54] [55] [56] [57] [58] [59] . These experiments are making measurements of various observables i.e. the differential cross sections and the angular as well as the energy distributions of the leptons and baryons produced in the final state. The results are interpreted using the standard model (SM) of the electroweak interactions assuming the absence of the second class currents and the validity of TRI. It seems to be the appropriate time to examine the feasibility of making measurements of those observables which enable us to study the effect of the SCC with and without the assumption of TRI. The present work is done with the aim of identifying the suitable observables in the quasielastic scattering of neutrinos and antineutrinos from the nucleons where the effect of the SCC with or without TRI make important contributions and can be studied experimentally in the near future.
Generally, the effect of the SCC is small in the differential cross sections and the angular as well as the energy distributions of the final leptons and baryons produced in the ν e (ν e ) and ν µ (ν µ ) scattering off the nucleons. This is because the leading order contributions of the second class currents to the differential cross sections, which arise due to the interference of the first and second class currents, are linear in their coupling strengths, are either proportional to m 2 l /M 2 (m l being the lepton mass and M is the nucleon mass) and/or ∆ 2 /M 2 (∆ being the mass difference between the initial and final baryons) and are, therefore, almost negligible in the reactions induced by ν e (ν e ) and ν µ (ν µ ) in the ∆S = 0 sector. The contributions which are independent of m 2 l /M 2 and ∆ 2 /M 2 depend quadratically on the strength of the SCC and are small unless the SCC couplings are enormously large [60, 61] . Moreover, their dependence on the momentum transfer is O(Q 2 /M 2 ) or higher and their contribution is quantitatively significant only at very high Q 2 , where the differential cross sections become very small making it difficult to isolate the contribution of the SCC. The situation is different in the case of the polarization observables of the leptons and baryons produced in the final state where the leading order contributions linear in the strength of the SCC couplings also contain terms which are independent of m 2 l /M 2 and ∆ 2 /M 2 . Moreover, in the ∆S = 1 sector where hyperons are produced, the contributions of ∆ 2 /M 2 terms are not negligible and could be important in favorable kinematics. In view of this, various calculations on the polarization observables of muons and baryons produced in the final state of the (anti)neutrino and electron induced weak processes have been done by many authors [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [62] [63] [64] [65] [66] [67] [68] . Alternatively, in the case of the reactions where τ leptons are produced, the terms proportional to m 2 l /M 2 become quite significant even in the absence of the SCC. Motivated by these considerations some calculations of the polarization observables of the τ leptons have been done recently in the weak processes induced by τ neutrinos [68] [69] [70] [71] [72] [73] . The study of the Q 2 dependence of the polarization observables of the electrons and protons in the scattering of the polarized electrons on protons has played an important role in determining the electromagnetic form factors of the nucleon [74, 75] . Similar studies of the polarization observables in the weak sector of the ∆S = 0 and ∆S = 1 reactions where polarization of the muons and baryons and their Q 2 dependence made in the quasielastic and inelastic (anti)neutrino scattering from nucleons can play crucial role in determining the weak transition form factors of nucleons.
In the case of the weak ∆S = 1 reactions corresponding to the hyperon production, i.e.
the final hyperons decay predominantly into pions through two body weak decays like Λ(Σ 0 ) −→ pπ − or nπ 0 , and Σ − −→ nπ − and the asymmetry in the angular distribution of the pions with respect to a given direction (which can be chosen to be the direction of the momentum of the hyperon, perpendicular to it or transverse to the reaction plane) determines the polarization component of the hyperon in that direction. In the case of Σ 0 , which promptly decays to Λ through the electromagnetic mode of decay, Σ 0 −→ Λγ before the weak decay of Σ 0 into pions pπ − or nπ 0 , the pions coming from such Λ decays can be experimentally identified to come from Σ 0 [50] and the asymmetries can be determined. This makes the polarization measurements on the hyperon production relatively easier than the polarization of the nucleon produced in ∆S = 0 reactions like
where double scattering experiments with the final nucleons are required. Such double scattering experiments with the nucleons produced in the neutrino and antineutrino scattering were proposed in the days of bubble chamber experiments at CERN and FNAL by Block and his collaborators [47, 48] but were not done at that time. These experiments are difficult and feasibility of doing them in future could be explored with the liquid argon time projection chamber (LArTPC) detectors [51] [52] [53] [54] .
In view of the above discussion, we have in this work considered the quasielastic production of the nucleons and hyperons induced by (anti)neutrinos and studied the effect of the SCC with and without TRI on the differential cross sections and the polarization observables of the leptons and baryons in the final state. Similar studies have been recently done by us in the weak quasielastic scattering induced by electrons on protons [65, 66] .
In Section II, we describe the structure of the matrix elements for the reactions given in Eqs.
(1)-(4) using the SM with three flavors of quarks and discuss the form factors corresponding to the first and the SCC using the implications of SU(3) symmetry. The hypothesis of the conserved vector current (CVC) for the vector currents and the partially conserved axial vector current (PCAC) for the axial vector currents are assumed. In Section III, we present the formalism for calculating the differential cross sections and the polarization observables of the final muons and baryons in the presence of the SCC with and without TRI. In Section IV, we present and discuss our results while the summary and conclusions are given in Section V.
, where N (= p, n) and X(= n, Λ, Σ 0 , Σ − ) represents the initial nucleon and the final baryon respectively. The quantities in the bracket represent four momenta of the corresponding particles.
II. MATRIX ELEMENT AND TRANSITION FORM FACTORS

A. Matrix element
The transition matrix element for the processes
is written as
where the quantities in the brackets of Eqs. (5)−(9) represent the four momenta of the particles, G F is the Fermi coupling constant, a = cos θ c for ∆S = 0 processes i.e. Eq. (5) and (6), a = sin θ c for ∆S = 1 processes i.e. Eq. (7)-(9), and θ c (= 13.1 • ) is the Cabibbo mixing angle. The leptonic current l µ is given by
where (+)− sign is for (anti)neutrino. The hadronic current J µ is expressed as:
with
The vector (V µ ) and the axial vector (A µ ) currents are given by [64, 65] :
The vector and axial vector currents of the SM transform under G-parity as
The vector and axial vector currents of the SM with form factors f 1 (Q 2 ) and g 1 (Q 2 ) transform as in Eq. (20) and are termed as the first class currents. Out of the induced form factors, f 2 (Q 2 ) and g 3 (Q 2 ) also transform as in Eq. (20) in their respective currents and are classified as the first class currents, while the form factors f 3 (Q 2 ) and g 2 (Q 2 ) transform with opposite sign in their respective currents and are classified as the SCC. Since the SM has only first class currents, terms with f 1 (Q 2 ) and g 1 (Q 2 ) form factors and the induced currents comprising of f 2 (Q 2 ) and g 3 (Q 2 ) would contribute while the SCC form factors should vanish i.e.
if G-parity is a good quantum number of strong interactions. In the ∆S = 0 sector, the violation of G-parity due to (u − d) mass difference or the intrinsic charge symmetry violation of the strong interactions is very small, and the form factors f 3 (Q 2 ) and g 2 (Q 2 ) are expected to be very small. Moreover, in the vector sector, the charged weak vector currents V µ along with the isovector part of the electromagnetic current (J em µ ) is assumed to form an isotriplet. Therefore, the principle of the conservation of the electromagnetic current, applied also to the weak currents, leads to the hypothesis of CVC and predicts f 3 (Q 2 ) = 0. This also relates the weak form factors f 1 (Q 2 ) and f 2 (Q 2 ) to the isovector electromagnetic form factors of the nucleons. However, in the axial vector sector there is no such constraint on the form factor g 2 (Q 2 ) and it could be non-vanishing albeit small. It is because of this reason that most of the experiments in ∆S = 0 sector are analyzed for the search of the SCC assuming f 3 (Q 2 ) = 0 with a non-vanishing g 2 (Q 2 ) which is found to be small [2-7, 60, 61] .
Theoretically, the values of g 2 (Q 2 ) (in the case of p − n transition) calculated in various models of the nucleon structure are found to be very small [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Experimentally they are also found to be small and consistent with zero with large uncertainties in the measurements. The old experimental results are summarized well by Holstein [2] and Wilkinson [3, 4] , while there are some new measurements of g 2 (Q 2 ) in nuclear β decay measurements [6, 7] . The general properties of the weak form factors consistent with the constraints due to the symmetry properties of the weak hadronic currents are summarized as [32] [33] [34] :
(a) T-invariance implies that all the form factors f 1−3 (Q 2 ) and g 1−3 (Q 2 ) are real.
(b) The assumption that the weak vector currents and its conjugate along with the isovector part of the electromagnetic current form an isotriplet implies that the weak vector form factors f 1 (Q 2 ) and f 2 (Q 2 ) are related to the isovector electromagnetic form factors of the nucleon i.e. f
(c) The principle of CVC of the weak currents implies that f 3 (Q 2 ) = 0.
(d) The principle of G-invariance implies that f 3 (Q 2 ) = 0 and g 2 (Q 2 ) = 0.
(e) The hypothesis of PCAC relates the form factor g 3 (Q 2 ) to the form factor g 1 (Q 2 ) through the GoldbergerTreiman (GT) relation.
Therefore, the form factor f 3 (Q 2 ) = 0 by the CVC and G-invariance. The form factor g 2 (Q 2 ) = 0 only in the presence of G-invariance. In the case of G-noninvariance, g 2 (Q 2 ) is non-vanishing and if it is real, it preserves TRI whereas if it is purely imaginary or complex, the SCC in the axial vector sector violate the TRI.
In the case of ∆S = 1 processes shown in Eqs. (7)- (9), while (a) above is always true, whereas (b) is replaced by a more general relation between the ∆S = 1 vector form factors and the electromagnetic nucleon form factors in the limit of exact SU(3) symmetry which is discussed below. The other properties (c)-(e) apply only in the limit of exact SU(3) symmetry. However, SU(3) symmetry is known to be only an approximate symmetry due to the large mass difference between u(d) and s quarks and explicit dynamical breaking of SU(3) symmetry leading to non-zero values of f 3 (Q 2 ) and g 2 (Q 2 ). While f 3 (Q 2 ) is still constrained by the CVC, there is no such constraint for g 2 (Q 2 ) and it could be large. Indeed some theoretical calculations find the value of |g pΛ 2 /g pΛ 1 | to be in the range of 0.2 to 0.5 [23, 24] , whereas others find a larger value [12, 15, 20, 21, 23, 24, 27, 28] . Experimentally some earlier analysis of semileptonic hyperon decays (SHD) suggest larger values of g pΛ(Σ) 2 and a latest experiment [14] reports |g
which is consistent with zero within the large systematic uncertainties of the experiment [11, 14] . It should be noted that most of these analyses are done assuming a real value of g 2 (Q 2 ). Moreover, the most extensive analysis of the experimental data on ∆S = 1 SHD finds the effect of SU(3) symmetry breaking to be very small provided the physical masses of the nucleons and the hyperons are used in the analysis [11] . In view of this, we calculate the form factors corresponding to the first class currents i.e. f 1 (Q 2 ), f 2 (Q 2 ), g 1 (Q 2 ) and g 3 (Q 2 ) in a SU(3) symmetric analysis using physical masses for the nucleons and hyperons and take f 3 (Q 2 ) = 0. For g 2 (Q 2 ), we take a numerical value guided by some calculations done for g 2 (Q 2 ) in the quark model [23, 24, 28, 29] and its value used in earlier studies done on the effect of the SCC and TRI in (anti)neutrino scattering [39] [40] [41] .
C. SU(3) symmetry and the weak transition form factors
The weak vector (V µ ) and the axial vector (A µ ) currents corresponding to the ∆S = 0 and ∆S = 1 currents whose matrix elements are defined between the states |N and |X in Eqs. (5)- (9) are assumed to belong to the octet representation of the SU(3). Since the initial and the final states |N and |X also belong to the octet representation under SU(3), each of the form factors of the vector and axial vector currents are described in terms of the functions D(Q 2 ) and F (Q 2 ) corresponding to the symmetric (S) and antisymmetric (A) couplings of the two octets in the decomposition:
and the SU(3) Clebsch-Gordan coefficients. Explicitly, the form factors can be expressed as
The Clebsch-Gordan coefficients a and b can be calculated for each transition, if we specify the quantum numbers of the initial and the final state (|I, I 3 , Y ) and the current operators V µ , A µ and J em µ in the octet representation. A straightforward calculation of the various Clebsch-Gordan coefficients in the case of weak ∆S = 0, ∆S = 1 currents and the electromagnetic currents (in the case of vector currents) gives the values of a and b which are shown in Table I .
and axial vector 
Vector form factors
In the case of the vector currents, the following equations are obtained for the electromagnetic form factors using the values of a and b from Table I :
These equations are solved to determine
for the protons and neutrons. Once the functions
for the transitions under consideration are determined with the help of the coefficients a and b given in Table I . The expressions for the vector form factors in terms of the electromagnetic form factors f
for the various processes given in Eqs. (5)- (9) are given as
The electromagnetic from factors f 
various parameterizations are available in the literature and in our numerical calculations, we have used the parameterization given by Bradford et al. [76] .
Axial vector form factors
The axial vector form factors g (Q 2 ) in terms of g i (Q 2 ) and x i (Q 2 ) which are defined as
and the expressions for the axial vector transition form factors for the various processes given in Eq. (5)- (9) are given as:
In the following we describe the explicit forms of the axial vector form factors used for calculating the numerical results.
(a) Axial vector form factor g
is the axial vector form factor for n → p transition which is determined experimentally from the quasielastic (anti)neutrino scattering from the nucleons and is parameterized as
with g A (0) = 1.267 [11] and M A = 1.026 GeV [77] . The parameter x 1 (Q 2 ) occurring in Eqs. (37)- (39) for g
is determined at low Q 2 from the analysis of SHD and is found to be x 1 (Q 2 ≈ 0) = 0.364 [11] . There is no experimental information about the Q 2 dependence of x 1 (Q 2 ), therefore, we assume it to be constant i.e.
in analogy with g
. There is some information on g np 2 (Q 2 ) from neutrino and antineutrino scattering off the nucleons [8] [9] [10] . It is shown that the value of g − , Σ 0 using quark models [23, 24, 28, 29] , but there is no information about x 2 (Q 2 ). In view of this we vary the value of g np 2 (0) in the range of 0 − 3 used in some earlier calculations to study the effect of the SCC in (anti)neutrino scattering [39] [40] [41] and use
, we use the SU(3) symmetric expressions for g N Y 2 (Q 2 ) for various transitions given in Eqs. (37)- (39), in terms of g np 2 (Q 2 ) and x 2 (Q 2 ), treating x 2 (Q 2 ) to be constant and take x 2 = x 1 for simplicity.
(c) The induced pseudoscalar form factor g N X 3 (Q 2 ): We see from Eqs. (37)- (39), that g
In general, the contribution of g np 3 (Q 2 ) to the (anti)neutrino scattering cross sections is proportional to m 2 l , where m l is the mass of the corresponding charged lepton, and is very small. There is very little experimental information available about g np 3 (Q 2 ) at very small Q 2 from the muon capture experiments in the nucleons and nuclei [78] . This information is consistent with the prediction of g np 3 (Q 2 ) obtained using the hypothesis of PCAC and GT relation [79] in the ∆S = 0 sector which is given as:
There is no information about x 3 (Q 2 ) from the analysis of the SHD due to the small contribution of g
. In the absence of any information about x 3 (Q 2 ), we do not use SU(3) symmetric expressions for g N Y 3 (Q 2 ) given in Eqs. (37)- (39) . Instead we use the expression for g N Y 3 (Q 2 ) using the generalized PCAC and GT relation [79] for the ∆S = 1 currents given by Nambu [80] , i.e.
where m K is the mass of kaon and g
III. CROSS SECTION AND THE POLARIZATION OBSERVABLES A. Cross section
The general expression of the differential cross section for the processes (5)−(9), in the laboratory frame, is written as
where E ν = (Eν µ )E νµ is the incoming (anti)neutrino energy. The transition matrix element squared is defined as:
where the hadronic and the leptonic tensors are obtained using Eqs. (11) and (12) as
withΓ ν = γ 0 Γ † ν γ 0 and the expression for Γ ν is given in Eq. (13) . The spin 1 2 projection operator Λ(P ) for momentum P = k, k ′ , p, p ′ corresponding to the initial and the final baryons and the leptons are given by
where M P is the mass of the particle with momentum P . Following the above definitions, the differential scattering cross section dσ/dQ 2 for the processes given in Eq. (5)- (9) is written as
where N (Q 2 ) = J µν L µν and the expression of N (Q 2 ) is given in the Appendix-I.
B. Polarization of the final baryon
Using the covariant density matrix formalism, the polarization 4-vector(ξ τ ) of the baryon produced in the final state in reactions (5)−(9) is written as [81] :
where the spin density matrix ρ f (p ′ ) corresponding to the final baryon of momentum p ′ is given by
In the above expression, Λ(p) and Γ α are given in Eqs. (48) and (13) respectively. Using the following relations:
and
ξ τ defined in Eq. (50) may be rewritten after some algebra as
Note that in Eq. (54), ξ τ is manifestly orthogonal to p ′τ , i.e. p ′ · ξ = 0. Moreover, the denominator is directly related to the differential cross section given in Eq. (49) .
With J αβ and L αβ given in Eqs. (46) and (47), respectively, an expression for ξ τ is obtained. In the laboratory frame where the initial nucleon is at rest, the polarization vector ξ for the final baryon is calculated to be a function of 3-momenta of incoming antineutrino ( k) and outgoing baryon ( p ′ ), and is given as
where the expressions of
are given in the Appendix-I. We now expand the polarization vector ξ along the orthogonal directions,ê h L ,ê h P andê h T in the reaction plane corresponding to the longitudinal, perpendicular and transverse directions, defined aŝ
and have depicted in Fig. 2 . We then write ξ as:
such that the longitudinal, perpendicular and transverse components of the polarization vector ( ξ) in the laboratory frame are given by
components of the polarization vector defined in the rest frame of the initial nucleon are given by
where
is the Lorentz boost factor along p ′ . With the help of Eqs. (55), (56) , (58) and (59), the longitudinal
If the T-invariance is assumed then all the vector and the axial vector form factors are real and the expression for C h (Q 2 ) vanishes which implies that the transverse component of the polarization perpendicular to the production plane, P h T (Q 2 ) vanishes.
C. Polarization of the final lepton
Instead of the final baryon polarization if one assumes the final lepton to be polarized, then the polarization 4-vector(ζ τ ) in reaction (5)- (9) is written as
and the spin density matrix for the final lepton ρ f (k ′ ) is given by (52) and (53), ζ τ defined in Eq. (63) may also be rewritten as
where m µ is the mass of the muon. In Eq. (65), the denominator is directly related to the differential cross section given in Eq. (49) . With J αβ and L αβ given in Eqs. (46) and (47), respectively, an expression for ζ τ is obtained. In the laboratory frame where the initial nucleon is at rest, the polarization vector ζ is calculated to be a function of 3-momenta of incoming antineutrino ( k) and outgoing lepton ( k ′ ), and is given as
where the expressions of 
and depicted in Fig. 2 . We then write ζ as:
such that the longitudinal, perpendicular and transverse components of the ζ in the laboratory frame are given by
From Eq. (69), the longitudinal P l L (Q 2 ), perpendicular P l P (Q 2 ) and transverse P l T (Q 2 ) components of the polarization vector defined in the rest frame of the initial nucleon are given by (66), (67) and (69) in Eq. (70), the longitudinal P
IV. RESULTS AND DISCUSSION
We have used Eq. (49) to numerically evaluate the differential cross section dσ/dQ 2 , Eqs. (60), (61) and (62) , the generalized PCAC along with GT relation given by Nambu [80] has been used to relate them, respectively, with g
as shown in Eqs. (42) and (43) . To study the dependence of the cross section σ(E νµ(νµ) ) and the polarization observables P h,l
T (E νµ(νµ) ) of the hadrons (h = n, p, Λ, Σ 0 , Σ − ) and the leptons (l = µ ± ) on the (anti)neutrino's energy E νµ(νµ) , we have integrated
over Q 2 and obtained the expressions for σ(E νµ(νµ) ) and P h,l L,P,T (E νµ(νµ) ) as:
and In Fig. 3 , the numerical results are presented for the total cross sections σ(E νµ ) for the process ν µ + n → µ − + p and the average polarizations P p L (E νµ ) and P In Fig. 4 , we present the results for σ(E νµ ) and P L,P,T (E νµ ) as a function of neutrino energy E νµ for the various values of g np 2 (0) taken to be purely imaginary i.e. g (76) and (80)). The transverse component of the proton polarization which violates TRI is now non-vanishing and is positive for g E ν µ = 3 GeV the case of P p T (E νµ ) for proton shown in Fig. 4 . We notice from Figs. 3-6 that the results for σ(E νµ(νµ) ) increases in the presence of the SCC with (without) TRI i.e. g R 2 (0)(g I 2 (0)) = 0. The increase is almost the same for the real as well as the imaginary values of g 2 (0). It is also well known that with the increase in the value of the axial dipole mass M A , the cross section increases. For example, with 20% increase in the value of M A , i.e. from 1 GeV to 1.2 GeV, the cross section increases by about 20%. A higher value of M A from the world average value (i.e. M A = 1.026 GeV) is suggested from (anti)neutrino scattering experiments in the higher energy region [82] . It is, therefore, possible that a non-zero value of g R 2 (0) and/or g I 2 (0) i.e. the existence of SCC with or without TRI may lead to a smaller value of M A . Keeping this in mind, in Fig. 7 , we have studied the dependence of the cross section on M A with or without the presence of g In Fig. 8 , we have presented the results for the perpendicular and the transverse components of the polarization of the muon produced in the reaction ν µ + n → µ − + p for the real as well as the imaginary value of g np 2 (0). Since the relativistic muons are known to be longitudinal, therefore, we have presented the results only for P µ P (E νµ ) and P µ T (E νµ ). We find that P and P Σ 0 L,P,T (Eν µ ) in the reactionν µ + p → µ + + Σ 0 will be similar to Σ − production due to the SU(3) Clebsch Gordan coefficients shown in Table I , and the numerical results for this reaction are not presented here.
In Fig. 14 (1) and (2) are the most appropriate candidates for doing the polarization measurements as they are self analyzer of their polarization through the measurement of the asymmetry of the angular distribution of the pions as their decay product. Out of the Λ, Σ 0 and Σ − hyperons, Λ production cross sections are the largest. Therefore, we have studied the Q 2 dependence of the cross section (dσ/dQ 2 ) and the polarization components P L,P,T (Q 2 ) for various antineutrino energies and present the numerical results in the following.
In Fig. 15 , we have presented the results for the dσ/dQ 2 for the processν µ + p −→ µ + + Λ at the different values of the antineutrino energies, viz. Eν µ = 0.7, 1 and 3 GeV by varying |g R 2 (0)| as well as g I 2 (0) in the range 0 − 3. We find that the dσ/dQ 2 is not very sensitive to the presence of SCC. For the reactionν µ + p → µ + + Λ, we have presented the results for P L (Q 2 ) and P P (Q 2 ) as a function of Q 2 in Fig. 16 . The results are presented for the polarization components using g R 2 (0) = 0, ±1 and ±3 at the different values of Eν µ = 0.7, 1 and 3 GeV. We find that P L (Q 2 ) shows large variations as we change |g R 2 (0)| form 0 to 3 at low antineutrino energies, Eν µ (say 0.7 GeV) in comparison to the higher energies (say 3 GeV). For example, in the peak region of Q 2 , the difference is 80% at E νµ = 0.7 GeV and it is 50% at E νµ = 3 GeV as |g R 2 (0)| is changed from 0 to 3. In the case of P P (Q 2 ) also, the Q 2 dependence is quite strong and similar to P L (Q 2 ). In Fig. 17 , the results are presented for P L (Q 2 ), P P (Q 2 ) and P T (Q 2 ) as a function of Q 2 using g I 2 (0) = 0, 1 and 3 at the different values of Eν µ = 0.7, 1 and 3 GeV. We see that while P L (Q 2 ) is less sensitive to g I 2 (0) at low antineutrino energies, the sensitivity increases at higher antineutrino energies. P P (Q 2 ) is sensitive to g I 2 (0) in the antineutrino energy range 0.7 − 3 GeV and the difference increases with the increase in antineutrino energy as g I 2 (0) increases from 0 to 3. Moreover, P T (Q 2 ) is sensitive to g I 2 (0) at all antineutrino energies. P T (Q 2 ) shows 25%, 40% and 50% variations at Q 2 = 0.25, 0.4 and 1 GeV 2 at Eν µ = 0.7, 1 and 3 GeV, respectively, when g I 2 (0) is varied from 0 to 3.
V. SUMMARY AND CONCLUSIONS
We have studied in this work the quasielastic scattering of neutrinos and antineutrinos from nucleons induced by the weak charged currents in the ∆S = 0 and ∆S = 1 sectors in the presence of the SCC with and without assuming the validity of TRI. The effect of the SCC has been studied on the total cross section σ(E νµ(νµ) ) and the average polarization components of the leptons (l = muon) and the baryons (h = n, p, Λ, Σ 0 , Σ − ) in the longitudinal, perpendicular and transverse P l,h L,P,T (E νµ(νµ) ) components of these particles produced in the final state. In the case of the quasielastic production of Λ hyperons by the antineutrinos which is the most suitable candidate for measuring the polarization observables of the hyperons, we have also studied the Q 2 dependence of the polarization components P Λ L,P,T (Q 2 ) and the differential cross sections dσ/dQ 2 . The standard parameterizations of the electroweak form factors for the first class vector and axial vector currents in the ∆S = 0 sector using the hypothesis of CVC and PCAC have been used for the numerical calculations. For the form factors corresponding to the SCC, the induced scalar form factor f In the ∆S = 1 sector, the electroweak form factors for the nucleon-hyperon transition corresponding to the first class vector and axial vector currents f (0) taken to be purely imaginary in the case of SCC without TRI, the increase is the same and is independent of the sign of g N X 2 (0) as its contribution is proportional to |g
B. Average polarizations:
1. Leptons (i) The longitudinal component of the polarization P µ L (E νµ ) is almost always close to -1 for µ − and +1 for µ + in reactions ν µ + n −→ µ − + p andν µ + p −→ µ + + n.
(ii) The perpendicular component of the polarization P (ii) The differential cross section dσ/dQ 2 for all the processes considered here is not very sensitive to the presence of the SCC with or without TRI. We would like to conclude that, in the era of precision experiments with neutrino and antineutrino beams, it is possible to get information on the SCC with and without TRI in the quasielastic reactions specially in the strangeness sector. The presence of SCC in the weak axial vector current will lead to a smaller value of M A as compared to the present values of M A which are determined from the analysis of (anti)neutrino-nucleus scattering experiments assuming the absence of SCC.
Appendix-I
The expressions A h (Q 2 ), B h (Q 2 ), C h (Q 2 ) and N (Q 2 ) are expressed in terms of the Mandelstam variables and the form factors as:
where (+)− sign represents the (anti)neutrino induced scattering and the Mandelstam variables are defined as,
